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Introduction Results Muskegon Daily SWE and R Discussion
Of the various components of the Great Lakes water budget, snow water equivalent (and its Muskegon o
contribution to runoff) represents one that is estimated by a regional rainfall-runoff simulation _ _ . © Depending on the basin, LBRM can reasonably
. L : The 10-year average of daily SWE and daily runoff for Muskegon are shown in Figure. 2. SWE —— SNODAS SWE : :
model (the NOAA large basin runoff model, or LBRM) and by a data assimilation model (via begins t):) accumui\te » De}::ember reacheys ts peak in earlngarch nd quicklygmelts off by _ —— LBRM SWE captufre the SV|VE acm;mul;?o?, but the S|m|ulj1ted
the NOAA National Operational Hydrological Remote Sensing Center Snow Data Assimilation _ ’ ’ _ I rate of snowmeltis too fast.This faster snowmelt does
£ : : : :
System or NOHRSC-SNODAS). Current regional operational water budget forecasts developed May. The SNODAS shows a higher peak SWE and melts out later than the LBRM. In Flgurg 3, £ not always propagate into the runoff simulations (it
by the U.S. Army Corps of Engineers employ the use of the LBRM. While these forecasts are there is general agreement between LBRM and SNODAS for early season snow accumulation. = did for Manistique, but not Muskegon). For both
periodicz.a\ll.y evaluated for skill based on a comparison between \.Nater level projections and Butbetween 20 and 25 weeks after the beginning of the water year (around late winter/spring) o basins, the simula’ted decline in runm;f from the
observations, little is known about the skill in the Great Lakes SWE simulations and how those there is a bias for many of the seasons, when LBRM tends to overestimate the SNODAS snow peak ié not as quick as observations. This leads to
estimates pr(;pagate into the runoff component of the water budget forecast melt (ASWE is more negative for LBRM than SNODAS). LBRM accumulated runoff shows a = a bias of higher cumulative runoff fo.r both basins
: bias at the same time, where LBRM overestimates gage accumulations. and lower values for the sixth metric in Table 1 In,
A A : : : '
Kosteretal. (2010) analyzed the skill of streamflow forecasts over the Great Plains and Western . _ _ , , k. _ " both cases, simulations underestimate the observed
U.S. and foénd th;t whc}eln snow observations were used to initialize the model, streamflow The left side of Table 1 compares the six metrics of interest using 10-year averages for the " —_— (LBBaI%ﬁARR:JtT:of:‘f N ratio by approximately 30%—in other words, in
was more accurately simulated. One assumption is that LBRM runoff estimates over the Muskegon basin. Obs.ervatu?ns show a p eak SWE larger in magnitude and occurrlng aweek | g o _ " ..»-' observations, SWE contributes to 30% more of the
Great Lakes region could be improved with the addition of snow observations. Clow et al later than the LBRM simulation. LBRM simulates a faster snowmelt than observations (and at | = Y ey A Vol Vo cumulative runoff than what the LBRM simulations
(2012) asserted that SNODAS provides the most spatially and temporally cor.nplete dailyl a much greater rate during t_he first 20 days after peak SWE). One would expe_ct t_he ratg of = ~ ' show.This bias is likely due to how the model handles
SWE dataset for the U.S. and concluded that SNODAS inputs would improve hydrological snowmelt to be observable in the hydrograph—so a faster snowmelt (as seen in simulation) the partitioning of runoff after a precipitation event
model simulations of ru.n(.)ff would result in a rapid rise and large peak in the runoff. In both Figure 2 and Table 1, this is i ST 6 e e e e i e I
' not the case, as both simulation and observation show a similar rate in runoff at the time of | ! | ! | ! ! | ' | ! | the simulations). However, it may still be possible to
This study aims to answer three important questions. First, does the LBRM accurately capture snowmelt, and the observations show a higher peak. The LBRM also doesn't runoff the water oct Nov Dec Jan Feb Mar Apr May Jun Jul AUg Sep Improve the initiél respon;e to runoff (and the peak
SNOW ac?:lumulation and snow melt? Second doés thé current depiction of LBRM SWE [Nl quickly as what is observed. While the observations show a steady decline through the first Figure 2. Ten-year average of daily SWE (top) and daily runoff (bottom) for Muskegon. The black lines represent runoff) with the inclusion of SNODAS in the model
correctly propagate into runoff, compared to ot;servations? Finally, can the inclusion of SWE 90 days after peak runoff, simulated runoff stays virtually the same magnitude for the first 30 observations from gage and SNODAS, and red lines are for LBRM simulations. calibration, which is the next step in this research.
observations improve LBRM rlmoff simulations? In order to fuII, answer these questions days. The final metric inTable 1 is the ratio of peak SWE to the cumulative runoff at the time of Based on the two basins in this study, the authors
P : : : y q _ ! eak SWE and snowmelt and accumulating till the end of the water vear. This savs that SWE Weekly Difference (Simulation - Observation) for Muskegon Weekly Difference (Simulation - Observation) for Manistique . : . ’ . .
current LBRM SWE simulations are compared to SNODAS SWE, and LBRM runoff simulations [|ReS . & . or year. 1his sy hypothesize that snow is not the primary contributing
are compared with observed gaged runoff. Quantitative comparisons are made by focusing contributed to 33% of the cumulative runoff (neglecting evaporation or infiltration). However factor to biases in runoff simulations. But for some
on 1) magnitude of peak SWE, 2) rate of s-now melt, 3) rate of rise in daily runoff (following LBRM simulates less SWE and more runoff, resulting in a smaller ratio of 0.22. ~ - o - basins where snow is not as accurz;ltely captured
peak SWE), 4), magnitude of peak runoff, 5) rate of subsequent decline in daily runoff, and i A‘ (in more variable, possibly warmer regions like the
6) ratio of the magnitude of peak SWE to cumulative springtime runoff. These are evaluated METRICS MUSKEGON MANISTIQUE & 8 - A Muskegon), including snow observations could serve
for long-term (i.e. ten-year) averages. 66.39 mm | March 5 15156 mm | March 9 E o o — — — 2 toimprove peak runoff and accumulations from snow.
Peak SWE 8 2 - . YI Future work should also include a further analysis
47.27mm | February 28 199.33 mm | March 6 _ \/ into the LBRM’s general runoff regime in response
Rate of -1.25 mm/dy First 20 days -2.61 mm/dy First 20 days o LBRM - SNODAS E,: - LBRM - SNODAS to any precipitation event.
snow melt .31 mmidy -1.5 mm/dy 2,77 mmidy -1.13 mm/dy
' -1.80 mm/dy ' -0.97 mm/dy R f
Rate of rise 0.05 mm/dy 0.05 mm/dy 2 B - ererences
in runoff 0.05 mm/dy 0.08 mm/dy _ Azar, A.E., H..Ghe(?ira, P Romangv, S Mahani, M:Tede§co, and
o o | R. Khanbilvardi, 2008: Application of satellite microwave
. ) 179 mm | March 14 3.04 mm | April 12 - : : - — u/na;fgezin Zstimatirlllglls;\gZ?w?’;eéze)quivalent. J. American
eak runo E daler KeS. ASSocC., , - .
.64 mm | Mareh 19 .70 mm | April22 S - 3 - Barlage, M., and Coauthors, 2010: Noah land surface model
| First 30 days | First 90 days First 30 days | First 90 days — modifications to improve snowpack prediction in the
il?]artuenc;;fdeclme -0.01mm/dy | -0.01 mm/dy -0.05 mm/dy | -0.03 mm/dy o _ LBRM - Gage 3 _ LBRM - Gage Colorado Rocky Mountains. J. Geophys. Res., 115, DOI
0.00 mm/dy | -0.00 mm/dy -0.07 mm/dy | -0.05 mm/dy | 10.1029/2009JD013470.
Muskegon 0.33 0.61 | ' | ' | | | | ' ! ' | | | Bolinger, R.A., C.D. Kummerow, and N.J. Doesken, 2014:
Peak SWE / ' ' 5 10 15 20 25 30 35 S 10 15 20 25 30 35 Attribution and Characteristics of Wet and Dry Seasons
Cumulative R 0.22 0.45 Weeks Since October 1 Weeks Since October 1 in the Upper Colorado River Basin. J. Climate, 27, 8661-
o _ _ _ o Figure 3. One week differences over time between Figure 5. Same as Figure 3 but for Manistique. 3673.
lable 1. Quantification of the six metrics of interest for each basin, with black (red) values simulated and observed [top] SWE and [bottom] runoff Carroll, T.R., D.W. Cline, C. Olheiser, A. Rost, A. Nilsson, G. Fall,
) denoting SNODAS and gage observations (LBRM simulations) for the 10-year averages. accumulation for Muskegon. Colored (black) lines C.Bovitz, and L. Li, 2006: NOAAS national snow analyses.
Figure 1: Map of the Great Lakes basin (basin shaded in light blue, lakes in dark blue), represent individual seasons (10-year average). Proceedings of the 74™ Annual Meeting of the Western
with the Muskegon and Manistique sub-basins outlined in red. Green diamonds show the Snow Conference, 74, 13.
locations of the representative USGS streamgages for each sub-basin. Manistique Manistique Daily SWE and R CIOEW’ND;;{E;] N;”“SSNO’B';\% V:r:gi”’ daencihj'aﬁghr;‘ri]it\;v QVSalé;
valuatl w
Figure 4 shows 10-year average of daily SWE and daily runoff for Manistique. This northern, equivalent estimates for the CoIorgdo Rocky Mountains
Data d nd MethOds colder basin shows much smoother continuity in both variables. There is also better agreement o USA. Hydrological Processes, 26, 2583-2591.
. . . _ between observed and simulated SWE, with a peak in early March and melting off by early \n _ .

_ - _ T _ _ o —— SNODAS SWE Croley I, T.E.,and C. He, 2002: Great Lakes Large Basin Runoff
rigure 1 shows the Grelat. Lakes basin and the two sub-basins of focus fgr this study: the May. The better agreement in SWE simulations and observations is also observed in Figure S - —— LBRM SWE Model. Proceedings of the Second Federal Interagenc
Muskegon and the Manistique. Both were chosen based on longer term, reliable runoff mea- . L . . . . £ - _ y

. . . . 5. The top graphic shows an insignificant bias in the ASWE simulations (although, similar to € Hvdrologic Modeling Conference. 12 pp.
surements at United States Geological Survey gages (USGS, marked with green triangles) that . . . S - ydrolog & 12 PP
could provide reasonable verification for model simulations. For each sub-basin, only the area Muskegon, therg 's a short period where LBRM melts faster thaln SNODAS). There s 2 I.arge Gronewold, A.D., A.H. Clites, T.S. Hunter, and C.A. Stow, 2011
. . . . ' ’ bias observed in the accumulated runoff, where LBRM overestimates gage accumulations. Q An aporaisal of the Great Lakes advanced hvdrologic
of the drainage basin upstream of the USGS is considered. . . T °" PP yarolog
Because this isn’t observed in the SWE, this bias is likely due to other factors. prediction system. J. Great Lakes Research, 37, 577-583.
SWE observations for each basin are estimated from the NOHRSC’s SNODAS product, using sht side of . . s of i f - o Koster, R.D., S.RF. Mahanama, B. Livneh, D.F. Lettenmaier, and
the 25-km, equal area gridpoints that fall within the basin’s boundaries. SNODAS data (details The right side of fable 1 compares the six metrics of interest for Manistique. Both simulation R.H. Reichle, 2010: Skill in streamflow forecasts derived
. ’ 9 . . .S . _ and observation have similar peak magnitudes and timing. Like the Muskegon, simulated SWE N7 from large-scale estimates of soil moisture and snow.
provide b%/ OCla(;r(')A!I etal | (;%%)Shave prewousl;r/] beeln used to validate f WE simulations (Bar; melts faster than SNODAS. However, in the first 20 days, the simulated melting rate is slower - — fsgﬁﬂR;"Of;f Nature Geoscience, 3, 613-616.
: ] E— uno
?V%?Ee.t Th G ,t Ea& ctal A ),.dandlcilcue tol.i(:j ei.re a.tle?h.spa{szne;s 0 dlrefr: ngveé\lf;g)zsf than observation. The observation displays an increase in runoff similar to the simulation and E / Smith, R.A., and C.D. Kummerow, 2013: A comparison of in
A " ? ”reﬁmf dei':?g'(inalsfl eal 1or \rllatL at'lr?]n " ’ |sds lfj Oy-t Eca;ulsez 0 83 Sept mz ar observation forthe Muskegon. But the LBRM simulates a fasterrise in runoff and a much greater N situ, reanalysis, and satellite water budgets over the Upper
gge 2e (r)n 1%0 (?ey '1 Olvia’éer 'Se:rg)y OCUSES On the Time perioa ot LLtober 2, - 2CpIembe peak runoff. The faster rise and greater peak is expected, given the much greater snow melt _ | Y al Colorado River Basin. J. Hydrometeor., 14, 888-902.
’ Y y ' rate in the simulations. Unlike the Muskegon, the Manistique rate of simulated runoff decline - - s
The details and performance of the LBRM are described by Croley and He (2002) and Grone- is quicker than the observation. The ratio of peak SWE to cumulative runoff suggests that | 1 | | | 1 | | 1 | | | Acknowledgments
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